Background There have been recent important changes to adjuvant regimens and costs of taxanes for the treatment of early breast cancer, requiring a re-evaluation of comparative cost effectiveness. In particular, weekly paclitaxel is now commonly used but has not been subjected to costeffectiveness analysis. Aim Our aim was to estimate the cost effectiveness of adjuvant docetaxel and weekly paclitaxel versus each other, and compared with standard 3-weekly paclitaxel, in women aged C25 years diagnosed with regional breast cancer in New Zealand. Methods A macrosimulation Markov model was used, with a lifetime horizon and health system perspective. The model compared 3-weekly docetaxel and weekly paclitaxel versus standard 3-weekly paclitaxel (E1199 regimen) in the hospital setting. Data on overall survival and toxicities (febrile neutropenia and peripheral neuropathy) were derived from relevant published clinical trials. Epidemiological and cost data were derived from New Zealand datasets. Health outcomes were measured with health-adjusted life-years (HALYs), similar to quality-adjusted life-years (QALYs). Costs included intervention and health system costs in year 2011 values, with 3 % per annum discounting on costs and HALYs. Results The mean HALY gain per patient compared with standard 3-weekly paclitaxel was 0.51 with weekly paclitaxel and 0.21 with docetaxel, while incremental costs were $NZ12,284 and $NZ4,021, respectively. The incremental cost-effectiveness ratio (ICER) of docetaxel versus 3-weekly paclitaxel was $NZ19,400 (purchasing power parity [PPP]-adjusted $US13,100) per HALY gained, and the ICER of weekly paclitaxel versus docetaxel was $NZ27,100 ($US18,300) per HALY gained. In terms of net monetary benefit, weekly paclitaxel was the optimal strategy for willingness-to-pay (WTP) thresholds [$NZ27,000 per HALY gained. However, the model was highly sensitive to uncertainty around survival differences, while toxicity-related morbidity had little impact. Thus, if it was assumed that weekly paclitaxel and docetaxel had the same efficacy, docetaxel would be favoured over weekly paclitaxel. Conclusion Both weekly paclitaxel and docetaxel are likely to be cost effective compared with standard 3-weekly paclitaxel. Weekly paclitaxel was the optimal choice for WTP thresholds greater than $NZ27,000 per HALY gained (PPP-adjusted $US18,000). However, uncertainty remains around relative survival benefits, and weekly paclitaxel becomes cost ineffective versus docetaxel if it is assumed that the two regimens have equal effectiveness. Reduced uncertainty about the relative survival benefits may improve decision making for funding. 
Introduction
Breast cancer is the most commonly registered cancer, and the second most common cause of death from cancer, among women in high-income countries such as New Zealand [1] . Postoperative adjuvant chemotherapy for regionally invasive breast cancer reduces the risk of recurrence and death [2] [3] [4] .
Until the early 1990s, adjuvant chemotherapy was most commonly based on cyclophosphamide, methotrexate and fluorouracil, but such regimens have largely been superseded by anthracycline-based regimens (doxorubicin or epirubicin) because of their greater effectiveness. The taxanes, paclitaxel and docetaxel, were introduced in the late 1990s and were found to improve survival in the adjuvant setting when used sequentially with anthracycline-based regimens compared with the anthracyclinebased regimens alone [5] . Guidelines recommend that a taxane should be considered in all cases where adjuvant chemotherapy is contemplated for women with early breast cancer [4] . Endocrine therapy and trastuzumab may also be included depending on the individual woman's hormone receptor and human epidermal growth factor receptor (HER)-2 status.
Paclitaxel and docetaxel differ in terms of their pharmacokinetic and toxicity profiles. However, most guidelines do not specify which taxane is preferred for adjuvant treatment of early breast cancer because they have conventionally been considered to be similarly effective [4, 6, 7] . 1 Indeed, Australian guidelines from 2008 state that ''decisions on scheduling and dosing of taxane-containing regimens should be based on factors other than survival outcomes,'' with emphasis instead being placed on the patient's risk profile and comorbidities and consideration of the different toxicities of the taxanes [7] .
Under a scenario of assumed equal effectiveness, acquisition cost rather than cost effectiveness has tended to dominate the choice of taxane. For instance, until recently in New Zealand, only paclitaxel was publicly funded for adjuvant treatment of early breast cancer, other than where a combination of docetaxel and trastuzumab was indicated. This was due to the substantially higher acquisition cost of docetaxel compared with paclitaxel at the time of the funding decision [9] . However, a number of cost-effectiveness analyses have shown that the adjuvant treatment of early breast cancer with docetaxel is cost effective compared with non-taxane-containing regimens [10] [11] [12] [13] [14] [15] , whereas cost-effectiveness data have been less convincing for adjuvant standard 3-weekly paclitaxel [16, 17] .
However, taxane regimens for adjuvant treatment of breast cancer have been refined in recent years, resulting in different costs and better outcomes and challenging the traditional wisdom that the taxanes cannot be differentiated by effectiveness. Of particular importance is the move towards weekly rather than 3-weekly administration of paclitaxel. In the pivotal E1199 clinical trial, which compared four different taxane regimens in combination with cyclophosphamide and doxorubicin chemotherapy, the hazard ratio (HR) for overall survival with weekly paclitaxel was reported as 1.32 (95 % confidence interval [CI] 1.02-1.72; equivalent to a mortality HR of 1/1.32 = 0.76) compared with standard 3-weekly paclitaxel treatment [18] . However, the weekly paclitaxel regimen requires greater resources to deliver, with implications for costs, cost effectiveness and patient convenience.
While weekly paclitaxel and 3-weekly docetaxel are now the two most commonly used taxane regimens in adjuvant treatment of breast cancer, we are not aware of any economic analyses that directly compare the cost effectiveness of these two regimens. Furthermore, reevaluation of the cost effectiveness of the taxanes is needed given recent dramatic changes in acquisition costs as generic agents have become available. In mid-2011, the acquisition cost of docetaxel in New Zealand was reduced by 80 % in tandem with public funding of docetaxel being extended to include all early breast cancer [19] [20] [21] . Lesser changes in prices than this have previously been reported to significantly change the outcome of cost-effectiveness analyses of docetaxel [12] .
The aim of this paper is to evaluate the cost effectiveness of adjuvant docetaxel and weekly paclitaxel compared with standard 3-weekly paclitaxel in the New Zealand hospital setting for women with early (regional) breast cancer in order to help guide funding decisions for taxanes.
Methods
A macrosimulation Markov model was developed to compare taxane regimens in the adjuvant treatment of early (regional) breast cancer in a cohort of women diagnosed with this type of cancer in New Zealand in 2011, as shown in Fig. 1 . A macrosimulation model simulates a cohort of individuals with an average experience of events, which is captured by transition probabilities, avoiding the additional complexity of modelling individuals (microsimulation). The key parameters are given in Table 1 , and the model inputs and assumptions are discussed in the following sections and summarised in the Electronic Supplementary Material (ESM) 1, Table 1 .
The interventions of interest were weekly paclitaxel and 3-weekly docetaxel. The comparator was 3-weekly paclitaxel, as this represents the previous standard adjuvant taxane regimen for New Zealand that has now been largely superseded by docetaxel and weekly paclitaxel regimens. In line with current clinical strategies, the model was limited to sequential taxane regimens incorporating anthracyclines and cyclophosphamide in which the taxane component of the chemotherapy was started after the anthracycline component had been completed. These regimens are described in greater detail below. While taxanes can be given concurrently with anthracyclines, such regimens are not included in the model because they are less commonly used in clinical practice due to the higher risk of febrile neutropenia than with sequential regimens [5] .
A literature search was conducted to determine overall survival and toxicity rates (refer to the ESM 1 for search strategy and inclusion and exclusion criteria). While a number of meta-analyses were identified [5, 16, [22] [23] [24] [25] , none provided pooled estimates for overall survival that differentiated between weekly and 3-weekly paclitaxel and sequential taxane regimens separately from concurrent regimens according to the type of taxane as required for our model. Thus, overall survival and toxicity rates were obtained from the individual major clinical trials of the taxane regimens of most interest, as described in the remainder of the section.
Interventions
The model starts at the initiation of adjuvant chemotherapy, after completion of surgery for regional breast cancer. The taxane regimen to be included in the model was selected based on the regimen most commonly used in New Zealand.
For [26] .
The target population was women aged C25 years with a recorded diagnosis of SEER (Surveillance, Epidemiology, and End Results Program)-stage regional breast cancer in the New Zealand Cancer Registry in 2011. To allow analysis of heterogeneity, this sub-population was stratified by age, ethnicity (Māori, non-Māori) and deprivation tertile (NZDep [27] ), creating 84 independent cohorts. Those aged \25 years were excluded because of the low incidence of breast cancer in this age group.
Cycle length was 1 month in order to capture the effects of chemotherapy given over 6 months and related toxicities with effects lasting weeks to months. A lifetime horizon was applied to fully capture all consequences and costs, with each cohort followed up until death or age 110 years. Briefly, survivors and those dying of another cause had their first 6 months (or less if dying of other causes) assigned to a diagnosis and treatment state, then up to 19.5 years assigned to the remission state. A statistical cure was assumed to occur at 20 years postdiagnosis. For those dying of the cancer, their last month was assigned to a terminal state, and the 11 months preceding this to a pre-terminal state. Additional states for the two major dose-limiting toxicities, febrile neutropenia and peripheral neuropathy, were also included in the model. It was modelled that febrile neutropenia, but not peripheral neuropathy, is associated with an increased risk of death [28] . Thus, death from breast cancer, death from febrile neutropenia and death from other causes act as competing risks.
All key parameters are summarized in Table 1 , with further details provided in the ESM 1.
Modelling of Health Consequences

Incidence Rates
Incidence rates for regional breast cancer in 2011 were derived from the New Zealand Cancer Registry, further disaggregated by ethnicity and deprivation using rate ratios from linked census cancer data (ESM, Table 2 ) [29] .
Survival
Mortality Rates
Excess mortality rates due to breast cancer, differentiated according to age, ethnicity and deprivation, were derived from the New Zealand Cancer Registry, as described elsewhere [30] . Background mortality rates (i.e. for diseases other than breast cancer) by sociodemographic strata using a lifetable approach were derived from death rates from standard New Zealand life tables, adjusted for the proportions of the New Zealand population in deprivation groups and corresponding rate ratios to obtain death rates for deprivation groups, and projected to the future [31] .
Effect of Interventions on Survival
The effect sizes for interventions with regards to survival were input as HRs for breast cancer death (Table 1) . These HRs were derived from the overall survival rates reported for the E1199 study (ESM 1, Table 4 ) [18] . To convert the HR for any death into an HR for breast cancer death, we estimated that breast cancer accounted for 90 % of deaths in the study, as has been reported in other studies [32, 33] , and that the study HR would apply to only that proportion of the deaths, with an HR of 1 applied to the remaining 10 % of deaths from other causes.
The HR for cancer death was assumed to be constant over time, but a survival advantage lasting only the 5 years of study follow-up was tested in scenario analysis.
Health-Adjusted Life-Years
The outcome of the model was health-adjusted life-years (HALYs). The HALYs used are essentially the same as quality-adjusted life-years (QALYs), except we use the complement of disability weights (rather than utilities), and we allow for expected background morbidity. Disability weights were sourced from the 2010 Global Burden of Disease [34] , with modification to the New Zealand distribution of cancers [26] ; the disability weights for each non-fatal model state are shown in Table 1 . Expected population morbidity was allowed for by using the average ethnic-and age-specific prevalent years of life lived in disability from the New Zealand Burden of Disease Study [26] , thus limiting the maximum HALYs that can be gained with increasing age. (Refer to the BODE 3 protocol [26] for a full explanation of the rationale and methods of the HALY measurement.)
Survivors who do not die from breast cancer or other causes remain in the remission stage for a maximum of 19.5 years, during which time they accumulate the HALYs associated with the remission disability weight (see Table 1 ). After that time, they return to a state of normal health where their morbidity is the same as that of others of the same age and ethnicity who have not experienced breast cancer. Those dying of breast cancer assume the higher disability weights of the preterminal phase for the final 11 months and terminal phase for the last month of life. No additional disability weight is assigned prior to death for those dying of other causes.
Morbidity Related to Toxicity
Febrile neutropenia and peripheral neuropathy of grade 3 or 4 severity (World Health Organization [WHO] or National Cancer Institute Common Toxicity Criteria) were included in the model. Because of the variability in toxicity rates reported for individual trials, we averaged data for rates of febrile neutropenia and peripheral neuropathy from randomized controlled clinical trials of adjuvant treatment of breast cancer in which data could be derived from at least one arm using sequential taxanes at the same doses as modelled for efficacy and with similar anthracycline-based regimens (i.e. an anthracycline plus cyclophosphamide with or without fluorouracil at standard doses for three or four 3-weekly cycles) [18, [35] [36] [37] [38] [39] [40] . To reflect current practice, studies were included only if use of granulocyte-colony stimulating factor (G-CSF) was discretionary and/or secondary to occurrence of febrile neutropenia. The characteristics of these studies are given in the ESM 1, Table 5 .
The inverse-variance weighted average incidences for grade 3 or 4 febrile neutropenia and peripheral neuropathy input into the model are shown in Table 1 . To allow for uncertainty around applying rates from clinical trials in various countries to New Zealand, the standard error for input into the model's uncertainty analysis was increased from that originally reported (4-13 % of the mean value) up to 20 % of the mean value.
The data from which these weighted averages were derived are provided in ESM 1, Tables 6 and 7. Using toxicity rates directly from the E1199 study was tested in scenario analyses.
Febrile Neutropenia
Febrile neutropenia was modelled as occurring in the first cycle of the taxane component of the chemotherapy and occurring only once for each patient, as described in ESM 1, Table 1 . Febrile neutropenia is represented by an 'average' experience of those experiencing severe febrile neutropenia with hospitalization for 5 days [28] . A disability weight for severe acute infection is applied to the average 4 days for which it was estimated that patients remain febrile and require treatment with intravenous antibiotics (Table 1) . Febrile neutropenia is assumed to be either fatal (3.6 % of patients hospitalized with grade 3 or 4 febrile neutropenia [28] ) or to resolve with no significant residual disability.
In line with New Zealand practice, the model included only secondary prophylaxis with G-CSF and assumed that 25 % of patients with febrile neutropenia would receive pegfilgrastim for subsequent cycles of their chemotherapy [35, 41] . Costs but no morbidity or mortality impacts of G-CSF were included.
Peripheral Neuropathy
Grade 3 or 4 peripheral neuropathy was modelled as first occurring in the final cycle of the Markov diagnosis and treatment phase, and to be of sufficient severity to incur significant morbidity for 3 months on average, after which symptoms would improve or resolve without significant disabling sequelae (ESM 1, Table 1 ) [42] [43] [44] [45] .
Disability weights and costs (Table 1) were based on sensory neuropathy, which is the predominant taxaneinduced neuropathy [44, 45] . The methodology of the BODE 3 programme was followed [46] . A discount rate of 3 % per annum was applied to both costs and benefits. All costs exclude goods and services tax (GST).
Intervention Costs
Unit costs of the components of each intervention and the number of resource units consumed are shown in Table 2 .
Costs were derived from various New Zealand Ministry of Health, District Health Board and PHARMAC sources, as described elsewhere [46] . Inpatient and outpatient costs were derived from purchase unit costs, including overheads and all other services provided by the hospital (e.g. physician time, nursing time, pharmacist time, hotel costs, etc.) [46] . The latter costs also included all pharmaceuticals other than cancer drugs. The costs of chemotherapy drugs were derived from the New Zealand Pharmaceutical Schedule [21] .
The chemotherapy costs included the costs of the pharmaceuticals, outpatient admission for each administration (weekly or 3-weekly depending on the regimen), blood tests, patient travel, and patient accommodation 
Patient travel and accommodation
Average distance based on incidence multiplied by each patient's distance to hospital using Census Area Units, described elsewhere [46] Travel (per km) 0.245 45.4
11.11 National Travel Assistance reimbursement rate per km for private vehicle use [57] multiplied by the average distance travelled by patients with regional cancer to nearest chemotherapy centre [46] Accommodation 174.00 0.038 6.78 National Travel Assistance reimbursement rate for accommodation for a 2-night stay [57] applied to proportion of patients with regional breast cancer travelling [100 km [46] 3. Chemotherapy Tazobactam/piperacillin 4.5 g q8 h 9 4 days IV 12.00 12 144.00 NZ Pharmaceutical Schedule (Section H) July 2011 [21] when required. Costs for febrile neutropenia included inpatient hospitalization, administration of antibiotics and use of G-CSF. Costs for peripheral neuropathy included two additional general practitioner (GP) visits in association with GP-referred neurology tests and treatment with amitriptyline. Details are provided in ESM 1, Table 1 . As described in Sect. 2.4.2, baseline health system costs derived from the real costs for patients with regional breast cancer in New Zealand are also included in the model. Because these costs already include the real costs for chemotherapy averaged across all patients with regional breast cancer, only the incremental cost of the chemotherapy compared with the comparator were included in the intervention costs.
Costs for diagnosis and staging of breast cancer and initial surgery were not included because these costs occur before entry into the model and would be the same for all arms.
Health System Costs
Health systems costs are those costs incurred or averted as a downstream result of the intervention. Both diseaserelated and unrelated health system costs are included [26] . For instance, a patient who survives because of an intervention may incur other healthcare costs later in life, and we do not attempt to delineate what is a breast cancer cost versus that arising due to another condition.
These costs are derived from routine linked administrative health data for the entire New Zealand population with costs attached, as described elsewhere [26] . We are able to assign health system costs by age to the healthy state (i.e. the simple average of all health system use and attendant cost for each age group, as estimated in 2011; we assumed real costs to be the same in the future). The additional cost for regional breast cancer patients at different stages of their care (diagnosis/treatment, remission, and preterminal and terminal for those dying from cancer) were then estimated using gamma regression. Following van Baal et al. [47] , we separately determined expected costs for those in the last 6 months of life for those dying from causes other than cancer.
Simulations and Uncertainty
By calculating a weighted average using the heterogeneity distribution, incremental HALYs and costs were obtained for all expected breast cancer patients diagnosed in 2011 as well as separately for Māori and non-Māori; neighbourhood deprivation tertiles I, II and III; and those aged \65 years or C65 years. Analyses were undertaken in TreeAge Pro 2012. and bodyweight 67 kg [60, 61] Monte Carlo simulation was used to address parameter uncertainty, with 2,000 draws from input parameters based on the following distributions: log-Normal distribution for the HR for death; beta distributions for the proportions experiencing a toxicity and disability weights; gamma distributions for costs (see Table 1 ).
We reran models (expected values only; no uncertainty about input parameters) for a range of scenarios to assess the impact of structural assumptions:
• discount rate 0 or 6 % per annum • exclusion of prevalent life-years with disability (pYLDs) related to population morbidity such that HALYs more closely represent QALYs • limiting survival benefit of the intervention to the 5 years of study follow-up by 'turning off' the HR at year 5 • use of toxicity rates directly from the E1199 study rather than averaged across trials • exclusion of unrelated health system costs.
Given uncertainty around the relative effectiveness of docetaxel and weekly paclitaxel, a scenario of these regimens having equal effectiveness was tested by setting the HR for breast cancer death versus standard 3-weekly paclitaxel to 0.87 in both arms. The latter represents a cost minimization approach.
Additionally, we rely on these expected value-only analyses for incremental cost-effectiveness ratios (ICERs), as with parameter uncertainty many simulations resulted in negative HALYs and sometimes also negative costs, making mean and median ICERs difficult to interpret.
We also undertook a range of one-way sensitivity analyses, using the 2.5th and 97.5th percentile values of input parameters, to assess which input parameters contributed the most to uncertainty in the model HALY and incremental cost outputs, but not the ICERs for the reason give above.
Finally, we also performed a net monetary benefit (NMB) analysis and produced cost-effectiveness acceptability curves using these NMB values rather than ICERs because of the greater validity of NMBs in this instance given the occurrence of negative ICERs. A cost-effectiveness threshold of $NZ45,000 (&PPP-adjusted $US30,000) per HALY was set for NMB analysis. This threshold equates to the New Zealand gross domestic product (GDP) per capita in 2011 [48] .
Results
Both docetaxel and weekly paclitaxel produced mean HALY gains compared with standard 3-weekly paclitaxel, but at a greater cost ( Table 3 ). The HALY gain was greater with weekly paclitaxel than with docetaxel, with an estimated incremental HALY gain of 0.31 (95 % Uncertainty Interval -0.14 to 0.78) for weekly paclitaxel versus docetaxel. However, the extreme of the uncertainty Fig. 2 ), univariate statistics about the ICER values across simulations are difficult to interpret. Therefore, we used expected value analysis, where the incremental costs and HALYs are the same or close to the averages from the Monte Carlo simulations. The expected value ICERs versus standard 3-weekly paclitaxel were $NZ19,400 ($US13,100) and $NZ23,900 ($US16,200) per HALY gained for docetaxel and weekly paclitaxel, respectively. Applying incremental analysis principles, the ICER for weekly paclitaxel versus docetaxel was $NZ27,100 ($US18,300) per HALY gained (Table 4) .
For all population subgroups other than those aged C65 years, ICERs (using expected values) were consistently less than $NZ21,000 ($US14,000) and $NZ28,000 ($US19,000) per HALY gained for docetaxel versus standard 3-weekly paclitaxel and for weekly paclitaxel versus docetaxel, respectively (see ESM 2, Table 1 ). The HALY gain was halved for those in the older age group but costs were also reduced, resulting in an ICER of $NZ34,500 ($US23,300) per HALY gained for weekly paclitaxel versus docetaxel.
Returning to the Monte Carlo simulations including parameter uncertainty, a NMB approach allows the generation of the cost-effectiveness acceptability curve shown in Fig. 3 . For willingness-to-pay (WTP) thresholds B$NZ20,000 ($US13,500) per HALY gained, standard 3-weekly paclitaxel is the preferred option, i.e. it is the most likely to produce the most favourable NMB across simulations. At WTP thresholds between $NZ20,000 ($US13,500) and up to $NZ27,000 ($US18,200), docetaxel becomes the preferred option. When the WTP threshold is higher than $NZ27,000 ($US18,200), weekly paclitaxel is the most likely to have the best NMB and is (based on this model and cost-effectiveness criteria alone) the optimal decision. However, and notably, it is not a clear-cut preference for weekly paclitaxel in that, at our defined WTP threshold of $NZ45,000 ($US30,000) per HALY gained, there is still a more than 20 % probability that docetaxel is preferred.
At the $NZ45,000 WTP threshold, the NMB for weekly paclitaxel is $NZ5448 ($US3677) greater than for docetaxel (based on expected values). A tornado plot was constructed by setting all input parameters to their expected value, then undertaking univariate sensitivity analyses for the 2.5th and 97.5th percentile values of the input parameters for NMB (Fig. 4) . At the 97.5th percentile value of the paclitaxel HR and the 2.5th percentile value of the docetaxel HR for breast cancer death, a big shift in the NMB occurs such that docetaxel is favoured (i.e. NMBs are negative). However, uncertainty about all other input parameters has a negligible impact on NMB.
In scenario analyses based on expected values, excluding pYLDs, such that the HALYs gained more closely resembled QALYs gained, reduced ICERs by about 25 % to $NZ14,600 ($US9900) and $NZ20,500 ($US13,800) per HALY gained for docetaxel versus standard 3-weekly paclitaxel and for weekly paclitaxel versus docetaxel, respectively. Limiting the differential survival effect to the 5-year follow-up period of the clinical study (i.e. HR for breast cancer death = 1 in all arms after year 5) reduced both HALY gains and costs and subsequently increased ICERs by about 20 %, but all remained below $NZ35,000 ($US23,600) per HALY gained (Table 5) .
The model was sensitive to the relative survival effects of docetaxel and weekly paclitaxel. If the two agents were set to have equal effectiveness (i.e. the HR for breast cancer death for weekly paclitaxel was set to that of docetaxel = 0.87), HALY gains were halved for weekly paclitaxel and became much the same as those for docetaxel, with only a small incremental HALY advantage to weekly paclitaxel due to less toxicity-related morbidity. Consequently, the ICER for weekly paclitaxel compared with docetaxel increased to more than $NZ130,000 per HALY gained, emphasizing both the sensitivity of model outputs to uncertainty about the mortality HR and the (much) lesser impact of differences in morbidity effects between the two treatments. Further confirming this, changing toxicity rates to the higher rates seen in the E1199 study [18] , rather than a weighted average across clinical trials (most notably febrile neutropenia for docetaxel 22 % vs. weighted average of 15 %), caused only a 10 % increase in the ICER for docetaxel versus standard 3-weekly paclitaxel and decreased the ICER for weekly paclitaxel versus docetaxel by only 5 %.
Discussion
Re-evaluation of the cost effectiveness of the taxanes in adjuvant treatment of breast cancer is timely given the emergence of weekly paclitaxel as a more effective option than the previous standard (3-weekly paclitaxel) and significant changes in the relative cost of the taxanes that have occurred with the availability of generic docetaxel. For the first time, to our knowledge, the current economic analysis directly compares the cost effectiveness of weekly paclitaxel and docetaxel with each other and with 3-weekly Fig. 4 Tornado plot of difference in net monetary benefit between weekly paclitaxel and docetaxel for univariate sensitivity analyses about 2.5th and 97.5th percentile values of selected input parameters for a willingness to pay threshold of $NZ45,000 ($US30,000). All other input parameters (e.g. disability weights in diagnosis and pre-terminal states, cost of febrile neutropenia) had a negligible impact and are not shown. EMR excess mortality rate for breast cancer paclitaxel in adjuvant treatment of early (regional) breast cancer.
The results show that both weekly paclitaxel and docetaxel are likely to be cost-effective options compared with standard 3-weekly paclitaxel, with both having ICERs less than $NZ25,000 ($US17,000) per HALY gained. Using an incremental approach to compare the options, weekly paclitaxel had an ICER of $27,100 ($US18,300) per HALY gained compared with docetaxel. When approximated to QALYs, the ICERs were less than $NZ20,500 ($US14,000) per QALY gained. While there is no set cost-effectiveness threshold in New Zealand, the ICERs are below the threshold based on GDP per capita (approximately $NZ45,000 [&$US30,000] in 2011 [48] ), which is defined as highly cost effective by the WHO CHOICE (CHOosing Interventions that are Cost Effective) programme [49] .
However, the question of which is the most cost-effective taxane regimen when choosing between docetaxel and weekly paclitaxel is not clear-cut and this is best explored by considering the NMB. When compared with 3-weekly paclitaxel in our analysis, docetaxel had better cost effectiveness than weekly paclitaxel because of the higher costs of weekly administration of paclitaxel. However, the health gain was more than twice as much with weekly paclitaxel than with docetaxel. Thus, based on this model, weekly paclitaxel would be the preferred option if the health system was willing to pay the additional cost to benefit from the additional health gain. Indeed, our analysis showed that, at WTP thresholds above $NZ27,000 ($US18,000) per HALY gained, weekly paclitaxel would have a greater probability of producing a more favourable NMB than docetaxel. However, if the WTP threshold was less than this, docetaxel would be preferred. If the WTP threshold was \$20,000 ($US13,500) per HALY gained, 3-weekly paclitaxel would be preferred, although there would be a loss of health gain compared with the other more effective taxane options. At an NMB threshold of $NZ45,000 (&US30,000) (i.e. equivalent to New Zealand's GDP per capita, and representing a possible cost-effectiveness threshold for New Zealand), weekly paclitaxel had a 77 % probability of being the preferred strategy under the conditions of our model. However, the model was highly sensitive to differences in health gain, especially around HRs for survival. There remains uncertainty around whether weekly paclitaxel has a survival advantage over docetaxel. The E1199 study from which the mortality HRs were derived for this model was the first, and, to date, the only, study to directly compare weekly and 3-weekly paclitaxel and docetaxel in regional breast cancer. The E1199 results were substantially in favour of weekly paclitaxel, showing a significant survival benefit over 3-weekly paclitaxel, with an HR for overall survival of 1.32 (95 % CI 1.02-1.72) [18] . While 3-weekly docetaxel was also more effective than 3-weekly paclitaxel in E1199, its CI included the null (HR 1.13; 95 % CI 0.88-1.46). Using the log-Normal assumption about the reported 95 % CI, we calculated that the probability of weekly paclitaxel being superior to docetaxel in terms of survival was 88 % in E1199. Nevertheless, because of the overlapping CIs, it can be argued that the efficacy of docetaxel and weekly paclitaxel are not significantly different and therefore should be modelled as equal using a cost-minimization approach. When this was tested in the scenario analysis that set the efficacy of weekly paclitaxel to be the same as that of docetaxel, weekly paclitaxel became highly cost ineffective compared with docetaxel (ICER $NZ138,800 [$US93,700]).
While the E1199 study is the only study to directly compare weekly paclitaxel and docetaxel, an indirect comparison can be made from other studies of taxane regimens similar to those included in this model. PACS01 [32] compared docetaxel with the anthracycline-based regimen FEC (fluorouracil, epirubicin, cyclophosphamide), while GEICAM 9906 [33] also compared weekly paclitaxel with FEC in a similar patient group to that in our model. The HR for all death versus FEC was 0.73 (95 % CI 0.56-0.94) for docetaxel and 0.78 (95 % CI 0.57-1.06) for weekly paclitaxel. Running this indirect comparison through our model structure showed that the HALY gain favoured docetaxel (0.55 HALYs gained) over weekly paclitaxel (0.46 HALYs) under these conditions, while weekly paclitaxel was more expensive. Thus, weekly paclitaxel was dominated by docetaxel, although with considerable uncertainty. At a WTP threshold of $NZ45,000 (&$US30,000) per HALY gained for NMB analysis, there was a 77 % probability of docetaxel being the preferred option and 23 % probability of weekly paclitaxel being the preferred option (results available from authors on request). We fully acknowledge the limitations of this indirect comparison and present it only for illustrative purposes of the significant impact of changing the relative survival rates for docetaxel and weekly paclitaxel.
Thus, we conclude that even relatively small changes in survival are sufficient to swing the relative cost effectiveness in favour of either docetaxel or weekly paclitaxel. Nevertheless, the finding that both docetaxel and weekly paclitaxel are cost effective compared with 3-weekly paclitaxel appears to be relatively robust.
In contrast to the major impact of survival on the results of the model, morbidity had little effect on the HALYs gained despite differences in the toxicities of the taxanes. Until the E1199 study demonstrated the superiority of weekly paclitaxel, the taxanes were generally regarded as having comparable effectiveness, and differences in their toxicity profiles were considered more important [7] . In sensitivity analyses, we set the survival advantage to be the same for weekly paclitaxel and docetaxel, making the toxicities the driver of differences in HALY gains. A modest 0.03 difference in HALYs favouring weekly paclitaxel was found. This suggests that paclitaxel-induced neuropathy has a lesser detrimental effect on health gain than docetaxel-induced febrile neutropenia, because, while neuropathy has a greater disability weight and longer duration, it is not usually fatal, whereas febrile neutropenia has high costs and can be fatal. However, the morbidity impacts were minor compared with the mortality impacts. Thus, while toxicities may be an important clinical factor in choosing between the taxanes for individual patients, toxicities have little impact on the cost effectiveness of the different options.
While, to our knowledge, no other cost-effectiveness analyses have directly compared different taxane regimens, the finding that docetaxel is cost effective compared with standard 3-weekly paclitaxel is not surprising given the higher ICERs previously reported for 3-weekly paclitaxel when both were evaluated against non-taxane regimens (e.g. ICERs vs. non-taxane-containing regimens of £12,000 per QALY gained for docetaxel and around £40,000 per QALY gained for standard 3-weekly paclitaxel in a series of models reported from the UK in 2005/6 values) [16] . Other cost-effectiveness analyses of docetaxel compared with non-taxane-containing regimens for adjuvant treatment of early breast cancer have also reported ICERs below accepted cost-effectiveness thresholds (e.g. ICERs B $Can20,000, £20,000 or €10,000 per QALY gained reported in year 2002-2008 values) [10] [11] [12] [13] [14] [15] . Our model captures the improved cost effectiveness of docetaxel resulting from a lower acquisition cost following the introduction of generic docetaxel.
Study Strengths and Limitations
Strengths of the model include the wealth of epidemiological data in New Zealand upon which the model was able to draw, including analyses by heterogeneity and national health system costs, allowing inclusion of both related and unrelated costs throughout the patients' lifetimes. In New Zealand, heterogeneity in health outcomes has potentially significant effects on cost effectiveness of interventions because Māori have a 7-year lower life expectancy and higher cancer-related mortality rates (agestandardized breast cancer death rate per 100,000 women in 2010 = 19.8 for non-Māori vs. 32.9 for Māori [1] ). These inequities also have socioeconomic patterning. Nevertheless, the cost effectiveness of docetaxel and weekly paclitaxel did not vary significantly by ethnicity or deprivation in our model. We were not able to incorporate any heterogeneity in the response to taxanes; however, we believe this would have minimal effect on the differential health gain between the taxanes compared with heterogeneity in demographics and we are not aware of any evidence to suggest that the effectiveness of taxanes differs between Māori and non-Māori.
We used HALYs as the measure of health consequences in this analysis. They are very similar to QALYs, involving epidemiological estimation of life-years gained adjusted for health state. However, the health status valuation is through disability weights derived from the 2010 Global Burden of Disease [34] , with slight modifications for the New Zealand setting [26] . We also allow for expected background comorbidity using pYLD from a New Zealand Burden of Disease study. These HALYs might be considered 'disability-adjusted life-years (DALYs) averted', but it is critical to note that the own population's lifetable is used for HALY calculation, rather than an 'ideal' lifetable, as is done for calculation of DALYs in burden of disease studies, and no age weighting is used. Our analyses could be repeated with QALYs using one set of the many possible disutilities that have been obtained from breast cancer patients, but it is likely to have a negligible influence given the trivial impact of the uncertainty in disability weights shown in the tornado plot.
The model was limited by the paucity of direct comparative data for docetaxel, weekly paclitaxel and 3-weekly paclitaxel. Given the importance of relatively small differences in survival effects in this analysis, further direct comparisons are needed if decision makers want to recommend one or other of docetaxel or weekly paclitaxel.
Dose reductions and dose delays were not modelled in the analysis due to the complexity of incorporating these. However, this is not likely to have significantly affected the results. When chemotherapy is potentially curative, a reduction in relative dose intensity below 85 % is considered to be clinically important [50] [51] [52] . In the E1199 study used in our model, the proportion of patients receiving all doses was 87-95 % [18] .
The model does not explicitly model relapse as a state because such data were not directly available from the epidemiological data upon which the model was based. However, the preterminal and terminal phases of the model capture the costs and disability weights associated with progression to metastatic disease and subsequent death. Our model does not capture the (uncertain, and probably small) differences in morbidity between treatments whilst in relapse states that are not preterminal.
Treatment of HER2-positive women with trastuzumab was not specifically included in the model because trastuzumab was not routinely administered within the taxane efficacy trials, although some women did receive it. Thus, the overall survival achieved with taxanes from these trials partially but incompletely captures the additional benefit of trastuzumab, and can be considered as modestly overestimating the HALY gains compared with the scenario that all HER2-positive patients (approximately 20 % of all patients) were receiving trastuzumab.
This analysis was modelled to occur within the current structure of the New Zealand health system. The regimens used are from international studies and are likely to be largely similar in other countries. Disability weights are from the Global Burden of Disease, with only minor adaptation for New Zealand and are thus internationally valid. However, there may be different practice patterns in managing adverse events in different countries, which could affect costs, particularly those costs associated with management of febrile neutropenia. Primary G-CSF prophylaxis to prevent febrile neutropenia is not usual clinical practice in New Zealand but is in certain other countries. Because of the higher rates of febrile neutropenia associated with docetaxel, recipients of the latter are more likely to be given primary G-CSF than those receiving paclitaxel. How important this would be in terms of reducing the difference in costs between docetaxel and weekly paclitaxel depends on the proportion of docetaxel recipients that would be expected to receive primary prophylaxis; as well as the risk associated with docetaxel, the decision to give primary prophylaxis will also depend on the individual's risk factors for febrile neutropenia [53] . Finally, pharmaceutical costs in New Zealand are often substantially lower than in other similar countries such as Australia because of the widespread use of generics and the strong price negotiation abilities of the central funding agency, PHARMAC. Nevertheless, as this is an incremental analysis, lower pharmaceutical costs may not greatly affect the ICER.
Conclusions
Both weekly paclitaxel and docetaxel are likely to be cost effective compared with standard 3-weekly paclitaxel if we assume even a relatively modest survival advantage for docetaxel and weekly paclitaxel over standard 3-weekly paclitaxel. While the ICER was lower for docetaxel, the health gains were greater for weekly paclitaxel in our model and weekly paclitaxel was the optimal choice for WTP thresholds that may be acceptable in New Zealand ([$NZ27,000 [$US18,200] per HALY gained). However, the model was highly sensitive to uncertainty around survival differences, while toxicity-related morbidity had little impact. Thus, if it was assumed that weekly paclitaxel and docetaxel had the same efficacy, weekly paclitaxel became highly cost ineffective versus docetaxel, and the latter was favoured. Reduced uncertainty about the relative survival benefits may improve decision making for funding. 
